Background and Purpose: Decompressive craniectomy is a surgery used to remove a large bone flap and opening the dura to allow edematous brain tissue to bulge extracranially. However, the efficacy of decompressive surgery to reduce the mortality and improve the outcome in patients with refractory intracranial pressure is still unclear. We investigated whether decompressive craniectomy is associated with improved conscious state and survival in patients with severely raised intracranial pressure and resistant to conservative management. Methods: We studied 20 patients with clinical and radiological evidence of increased intracranial pressure & indicated for decompressive craniectomy. All patients were followed postoperatively in ICU with serial follow up (CT). Consciousness level was evaluated using the Glasgow Coma Scale and Glasgow outcome score. Results: The overall mortality was 11 cases (55%), two cases remain in a vegetative state (10%), one case (5%) was severely disabled and six cases (30%) discharged with mild disability. Conclusion: In 20 cases with severely raised intracranial pressure resistant to conservative management Decompressive Craniectomy allowed (30 %) of cases to be discharged from hospitals with mild degree of disability for rehabilitation.
Introduction
Decompressive craniectomy (DC) is a surgical procedure which involves removing a bone flap and opening the dura to allow the edematous brain to swell outwards, thus preventing intracranial tissue shifts and life-threatening downward herniation [1] .
Decompressive craniectomy is a surgical procedure used to treat elevated intracranial pressure (ICP) that is unresponsive to conventional medical management. The underlying cause of intracranial hypertension may vary and consequently there is variable numbers of different pathologies on which this procedure usually used. Traumatic brain injury (TBI) and severe cerebral infarction are conditions for which DC has been predominantly used [2] .
Intracranial hypertension is a major cause of secondary brain injury and often follows trauma or stroke. Because ICP varies with changes in the volume of the intracranial contents, the traditional approach for treating intracranial hypertension has been to reduce the volume of one or more of the compartments, which include brain parenchyma, cerebrospinal fluid (CSF), and blood volume, either surgically or non-surgically [3] .
An alternate procedure is to increase cranial volume by removing the skull and opening the dura. The underlying brain tissue can then swells and expand under the relatively distensible skin. The use of decompressive craniectomy to control the intracranial pressure has been used for a number of disease processes, including stroke, tumors, trauma and intracerebral hemorrhage. The target of decompressive craniectomy is to prevent secondary brain injury caused by medically refractory intracranial hypertension [4] .
DC has been described in many studies as a life-saving intervention, which consistently decreases mortality and can often improve outcomes, especially when performed early in the course of the disease [5] .
Few weeks to months later Cranial reconstruction can be done using the autologous bone (the removed bone flap is stored in the patient's abdominal wall or a freezer) or an implant (titanium or other synthetic material) [6] .
Although decompressive craniectomy has no effect on primary brain insult, it can reduce the fatal effect of secondary lesions, such as the severe elevation of ICP that creating a significant risk for ischemia and also cerebral herniation [7] .
The study aims to evaluate surgical decompressive craniectomy (when indicated) and review the efficacy of the decompressive craniectomy procedure on the post-operative clinical state of these patients.
Patients and Methods

Type of Study
This study is prospective retrospective clinical trial study for evaluating the clinical and functional outcomes of surgical decompressive craniectomy.
Study Population
The study includes 20 patients operated for decompressive craniectomy from 
Indications of Decompressive Craniectomy
The procedure has been performed in patients with medically refractory intracranial hypertension.
Severe traumatic brain injury is a common indication for DC. Malignant hemispheric infarction and spontaneous intracerebral hemorrhage are less frequent indications for DC.
Inclusion Criteria
Patients with clinical and radiological evidence of raised intracranial pressure indicated for DC will be included in the study. 
Exclusion Criteria
Case Assessment
History
Personal history was taken from the patients' relatives including age, sex, occupation, complaint, risk factors, mode of trauma, time interval since trauma and co-morbidities in traumatized patients.
Examination 1) General examination
That included vital signs (pulse, blood pressure, temperature and respiratory rate) on the time of admission, abdominal palpation for any rigidity also chest and cardiac auscultation to exclude other extracranial pathology.
2) Detailed neurological examination
Conscious level was assessed using Glasgow coma scale GCS. 
Management Strategies
Management strategy will be medical and surgical intervention with postoperative continuing on brain relaxing Intensive Care treatment.
Study will evaluate preoperative status, surgical technique and outcome of surgical decompressive craniectomy.
Follow up Evaluation
1) Postoperatively patients were admitted to the intensive care unit (ICU) and follow up CT scan performed within 48 hours after operation. All survivors were followed up after operation with CT scan and neurological examination including Glasgow coma scale (GCS) till the patients are discharged from the hospital.
2) At discharge the outcome was graded using the Glasgow Outcome Score (GOS) which defines as, a) Grade I as death.
b) Grade II as persistent vegetative state.
c) Grade III as severe disability (being conscious but disabled).
d) Grade IV as moderate disability (being disabled but independent) . e) Grade V as good recovery 3) Unfavorable outcome was defined as GOS 1 -3 and favorable outcome as GOS 4 and 5.
Surgical Technique
All patients operated for decompressive craniectomy, hematoma removal (in traumatic cases), augmentation of the dura and duraplasty using pericranium galia or fascia lata. Decompressive craniotomy is performed by removing a large portion of the fronto-tempro-parietal cranium (>12 cm) for lesions confined to one cerebral hemisphere [8] .
Technique of Duroplasty
The dura is opened in a C-shaped fashion from the temporal tip to the frontal pole. To maximize the opening, the dural incision should run within 1 cm of the bony edge. Thus the dural flap is based on the pterion and can be reflected anteriorly to expose the hemisphere. The source of bleeding is identified and controlled and bridging veins is assessed to ensure that there is no longer bleeding.
Once hemostasis is ensured, The dura could be laid back on the brain. Augmentation of the dura was done using a pericranium flap [4] .
The study is prospective retrospective clinical study .The information collected included study patients inclusion and exclusion criteria, sex and age of patients, side of brain pathology, time to surgery, preoperative neurological condition and postoperative assessment of the outcome.
Results
The data collected from 20 cases all were operated for decompressive Craniec- The study included 4 cases with MCA infarction all of them were hypertensive & 2 cases had also DM.
The study included 2 cases with spontaneous ICH both were hypertensive.
There were no cases with past history of any brain insult (Table 1) .
Sex
See Table 1 .
Age
Mean age in cases with TBI was 37 years, in cases with MCA infarction was 60 years and in cases with spontaneous ICH was 56 years ( Table 2) .
Cause of raised ICP
The study includes three causes of elevated ICP that were indicated for decompressive craniectomy (Table 3) .
Effect of DC on GOS
The overall mortality was 11 cases with GOS I, two cases remain in a vegetative state with GOS II, one case was severely disabled with GOS III, six cases discharged with mild disability with GOS IV & no cases discharged with complete recovery & got GOS V (Table 4) . Relation between age and outcome.
Younger ages associated with better outcome.
The category favorable outcome included good recovery and moderate disability and category unfavorable outcome included death, vegetative state, and severe disability as outlined by the GOS (Table 5) .
Time consumed to surgery.
To simplify the influence of operative timings, it was subdivided within <2
hours, 2 -4 hours, 4 -6 hours and >6 hours after injury. Time was <2 hours in 5% 1 case (5%), from 2 -4 hours in 5 cases (25%), from 4 -6 hourrs in 8 cases 40% and more than 6hours in 6 cases 30% of case (Table 6 ).
Relation between timing of surgery and outcome.
Early surgery is associated with good outcome (Table 7) .
Relation between preoperative GCS & GOS.
Better preoperative GCS associated with better outcome.
The best preoperative GCS in the study was 11 & the worst was 4. To show the effect of preoperative GCS on the outcome we divided all cases into two groups.
Group A with GCS more than or equal 8 & Group B with preoperative GCS less than 8 (Table 8 ). Male to female ratio in cases with TBI.
The study includes 14 cases with severe TBI 10 males and 4 females.
Male to Female ratio was 2:1
Mode of trauma in cases with TBI.
Mode of trauma was road traffic accident in 8 cases and fall from height in 6
cases.
Mode of trauma had no effect on GOS.
Discussion
Decompressive craniectomy as a surgical treatment for refractory ICP has been The incidence of TBI is much more common in males than females. In our study male: female ratio was almost (2:1) [10] males and 4 females], similarly other studies reported more incidence of such cases in males with the international data suggesting a roughly 2:1 ratio for males and females with TBI e.g.
Larking P. et al. [9] found that 61.9% of people with TBI were males. Another study published by Anderson et al. [10] concluded that males had 1.46 higher overall rates than females for TBI in Sweden.
The incidence of TBI is more common in younger age groups (15 -45 years).
In our study we found the median age of cases with severe TBI was 37 years, similarly Gan et al. [11] concluded that the incidence of TBI peaks in the younger patients aged 20 -40 years.
The mechanism of injury in traumatic cases had no significant difference in mortality rate. There was no significant difference in the prognosis between males and females in spite of a 2:1 male predominance in our study, similarly other studies had the same results.
Regarding the Effect of DC on Glasgow Outcome Score
In a study made by Gaétane Gouello et al. [12] on cases with severe TBI and op- IN our study, cases with severe TBI with mortality outcome (50%), GOS II (14%), GOS III (7%), GOS IV (29%) and no cases with GOS V.
In a study, decompressive hemicraniectomy for malignant middle cerebral artery territory infarction by Ralph Rahme et al. [13] 52 cases (28%) of the 185 patients died during various follow-up periods.
In our study 2 cases presented with spontaneous intracerebral hemorrhage representing 10% of all study cases were operated for decompressive craniecto- 
Regarding the Prognostic Factors in Our Study
In our study many factors affected the outcome. Age, time of surgery, and preoperative GCS were strong predictor factors for the outcome.
Age
Increasing age was a strong predictor of poor outcome. In a study conducted by Woertgen C. et al. [15] it concluded that the mean age of the group with unfavourable outcome was 56.6 years similarly in our study the mortality increased with age & younger ages were associated with better outcome and the mean age of cases with favorable outcome was 37 while in cases with unfavorable outcome as 46.
Timing of Surgery
Early surgical intervention was associated with better outcome. In the study conducted by Woertgen C. et al. [15] it showed that early decompression after development of refractory intracranial hypertension almost always brings about an improved outcome.
In another study, Traumatic Acute Subdural Hematoma Major Mortality Reduction in Comatose Patients Treated within Four Hours conducted by Seelig, et al. [16] . There were 82 patients suffering from ASDH after severe TBI all of them were treated by decompressive craniectomy. In the first 4hrs the mortality was 30% and 90% in those who had surgery after 4 hrs from injury similar to our study early surgical intervention was a good prognostic factor as mortality rate in cases operated within less than 4 hours was 30% while in cases operated more than 4 hours was 80% .
Preoperative GCS
Preoperative GCS was a main predictive factor for outcome in cases operated for decompressive craniectomy.
In a study conducted by Kilincer et al. [17] it showed that the mortality rate was 75% in cases with preoperative GCS less than 8. Similarly in our study better preoperative GCS was associated with better outcome and the mortality in cases with preoperative GCS less than 8 was 84%.
In our study mode of trauma in traumatic cases had no effect in the outcome. Associated hypertension was present in all of the non-traumatic cases and can't be considered as a prognostic factor.
Regarding the Technique of Decompressive Craniectomy
In the current study all cases were operated by unilateral fronto tempro parietal decompressive craniectomy. A wide bone flap was removed to ensure optimum relief of intracranial tension and allow the edematous brain toexpand outwards.
In a study conducted by Holland et al., [4] he recommended that doing a wide craniectomy is necessary and underremoval of bone is a common pitfall and associated with high risk of complications.
In our study the dura was opened in C-shaped fashion from the temporal tip to the frontal pole to ensure maximum decompression. The underlying hematoma (In cases of acute SDH) can be evacuated. The source of bleeding is identified and controlled and bridging veins were assessed to ensure that there are no longer bleeding. Once hemostasis is ensured, the dura laid back on the brain& Augmentation of the dura using a pericranium flap was done.
Some surgeons (not in our study) makes Multiple dural snips for removal of acute subdural hematoma for quick relief of raised intracranial pressure (ICP) and to preserve the anatomical integration of the arachnoid, pia, brain tissue and its vasculature and prevent any further secondary brain damage due to opening of dural flap.
In a study conducted by Chabok et al. [18] it reported no significant difference in outcome between the two methods.
Study Limitations
This study had some limitations such as the lack of any nonoperative treatment group with which to compare the results and the small group of patients.
Conclusions
In 20 cases with severely raised intracranial pressure resistant to conservative management, decompressive craniectomy allowed (30%) of cases to be dis-M. A. El Hawary et al.
